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1. INTRODUCTION

Airborne meteorological radars typically operate
at attenuating wavelengths. Correction for attenuation
along the propagation path, therefore, is required to
retrieve reflectivity factor for accurate estimation of the
rainfall rate. The surface reference technique (SRT) to
correct the observed reflectivity for the effects of
attenuation has been developed for down-looking
radars (Meneghini et al.,1883). The SRT algorithm uses
the radar cross section of the ocean surface as a
means of estimating the path integrated attenuation. In
the SRT an initial value is determined for the radar cross
section of a rain-free area in relatively close proximity
to the rain cloud. During subsequent observations of
precipitation any decrease in the observed surface
cross section from the reference value is assumed to
be a result of the two-way attenuation along the
propagation path (PlA). The PIA for each beam is then
used as a limiting condition in an attenuation correction
algorithm (lguchi and Meneghini, 1994).

A number of studies have evaluated the SRT with
airborne radar observations (Meneghini et. al, 1992). In
these studies, the SRT has been used on observations
at a variety of incidence angles acquired during flights
over the ocean. Development of the SRT has focused
on cases over water because the ocean surface
presents a well known, and relatively constant,
microwave reflection. In addition to airbome
applications, the SRT is used for processing the
reflectivity profiles from the spaceborne precipitation
radar launched in 1998 on the Tropical Rainfall
Measuring Mission (TRMM).

Limited studies employing the SRT over land have
been reported to date. In general this is because the
radar cross-section of land surfaces can be highly
variable particularly at near-nadir incidence angles. A
second concern centers around the question of
variations in surface cross-section under raining
conditions.
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This paper will present the statistics of the
surface echo from the airborne radar observations at
both nadir and 33 degree incidence angle in the cloud
free-region for cases over land and ocean. The paper
will also present an example of the observed surface
echo along a flight track over land in the rain area. The
data was collected by NASA ER-2 airbome Doppler
radar during field campaigns conducted for TRMM
validation in Texas, Florida (1998) and Brazil (1999).

2. OBSERVATIONS

The following observations were cbtained with the
NASA ER-2 Doppler radar (EDOP). The EDOP radar is
an X-band radar with two fixed antennas, one pointing
at nadir and the second pointing approximately 33°
ahead of nadir. The beam width of the antennas is 3° in
the vertical and horizontal directions which, for a 20 km
altitute, yields a nadir footprint at the surface of 1 km.
The ER-2 ground speed is nominally 210 m s and the
integration period used by the data system is 0.5 s.
These two values imply that an estimate of the surface
cross-section is obtained every 100 m along the flight
track and that 10 samples are obtained during the time
it takes the aircraft to travel one beam width. The
transmit pulse is 0.5 pus and the gate spacing is over
sampled at 37.5 m intervals. Additional details of the
radar and processing are described by Heymsfield et al.
(1996).

The surface reference - procedure has been
applied to cases over ocean at nadir incidence (Caylor ,
et. al, 1997). Therefore, as a starting point it is
instructive to briefly examine the statistics of the ocean
surface echo for comparison to those found for rain-
free land. Figure 1a shows histograms of the surface
echo observed with EDOP from the nadir and forward
antennas for a cloud-free region of ocean off the Gulf
coast of Florida. The data are typical in that the surface
echo at nadir incidence has rather small fluctuations of
+1 dB while the echo at 33 degrees incidence is more
variable having a standard deviation of £ 2 dB. The
situation is very different over land (Figure 1b) in that
the nadir echo becomes highly variable with a standard
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FIGURE 1. Nadir and forward surface echo for cloud-

free ocean (a), and similar observations for cloud-free
land (b). '

deviation of + 4 dB. However, it is clear that the surface
echo over land for the forward beam shows a very
similar distribution to that over open ocean with a
standard deviation of + 2 dB.

The importance of distributions such as these to
the surface reference technique is that variability of the
surface echo along the flight track limits the minimum
PIA that can be observed. And while the observations
in the nadir direction have large variability over land,
there is the potential that non-nadir incidence angles
may provide as good an estimate of PIA over land as
they do over the ocean. The surface echo statistics
from the forward and nadir antennas in a variety of
geographic area show results similar to those of Figure
1b. The data are from along the eastern coast of the
United States, the west U.S. and the Amazon rain
forest in Brazil to provide some observations with
different agriculturai surface characteristics. The
results indicate that the variability of the surface return
at an incidence angle of 33° is relatively small.

It should be emphasized that the absolute value
of the surface echo is not critical for the SRT since it is
a differential technique. What is important, however, is
that the magnitude of the surface echo does not
change as a consequence of becoming wet from the
rain since any changes in the surface cross-section are
assumed to be a result of attenuation along the
propagation path. In the cases studied so far with the
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FIGURE 2. Forward surface cross -
track from clear to rain area.
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4. SUMMARY

The surface observations from the TRMM field
campaign are examined. Under the rain-free conditions,
the statistics of the ocean surface echo were compared
to those of land. The resuits show that while the
observations in the nadir direction are highly variable
overland, at 33° incidence angle, the variability in the
surface return decreased significantly. The situation is
reversed over ocean where the surface return at nadir
incidence is more stable than that at 33° incidence.
This findings suggest that a combination of nadir and
off-nadir observation should be used to obtain the
accurate estimate of the PIA. The results also. suggest
that values of PIA-larger than 2 dB at 3 cm can be
accurately estimated over land and ocean surface.

Acknowledgments: The authors thank Dr. Jeff Caylor
for his preliminary work on the subject. We also thank
Dr. R. Meneghini for his interest and many helptul
comments. We appreciate Ed Zenker for the engineer
support. This work is supported by Dr. R. Kakar under
NASA's Tropical Rainfall Measuring Mission.

5. REFERENCES

Caylor I. J., G. M. Heymsfield, S.W. Bidwell, and S.S.
Ameen, 1997: Estimating the rain rate profile in
the presence of attenuation using EDOP airborne
observations. Preprints, 27th Conf. on Radar
Meteor., Amer. Meteor. Soc., 783-785.

Heymsfield, G.M., S.W. Bidwell, I.J. Caylor, S. Ameen,
S. Nicholson, W. Boncyk, L. Miller,D. Vandemark,
P.E. Racette, and L.R. Dodd, 1996: The EDOP
radar system on the high-altitude NASA ER-2
aircraft. J. Atmos. Oceanic Technol., 13, 795-
809.

lguchi. T. and R. Meneghini, 1994: Intercomparision of
single frequency methods for retrieving a vertical
rain profile from airbome o spaceborne radar data.
J. Atmos. Oceanic Technol., 11, 1507-1516.

Meneghini, R., and D. Atlas, 1986: Simultaneous ocean
cross section and rainfall measurements from
space with a nadir-looking radar. J. Atmos.
Oceanic Technol., 3, 400-413.

Meneghini, R., J. Eckerman, and D. Atlas, 1983:
Determination of rain rate from a space-borne
radar using measurements of total attenuation.
IEEE Trans, Geosci. and Remote Sens., 21, 34-
43,

Meneghini, R., T. Kozu, H. Kumagai, and W. C. Boncyk,
1992: A study of rain estimation methods from
space using dual-wavelength radar
measurements at near-nadir over ocean. J.
Atmos. Oceanic Technol.. 9. 364-382.



National NASA Scientific and Technical Document

Aeronautics and

Admimistration Availability Authorization (DAA)

The DAA approval process applies to all forms of published NASA Scientific and Technical Information (STI), whether disseminated in print or electronically. 1t is to be initiated by D Original
the responsible NASA Project Officer, Technical Monitor, author, or other appropriate NASA official for all presentations, reports, papers, and proceedings that contain NASA STI.

Explanations are on the back of this form and are presented in greater detail in NPG 2200.2, "Guidelines for Documentation, Approval, and Dissemination of NASA Scientific and

Technical Information.* D Modified

I. DOCUMENT/PROJECT IDENTIFICATION

TITLE AUTHOR(S)

Potential Application of the Surface Reference L. Tian, G. M. Heymsfield, and S. Bidwell
Technique over Land at Large Incidence Angle

ORIGINATING NASA ORGANIZATION PERFORMING ORGANIZATION (/f different)
NASA Goddard Space Flight Center
CONTRACT/GRANT/INTERAGENCY/PROJECT NUMBER(S) |DOCUMENT NUMBER(S) DOCUMENT DATE

For presentations, documents, or other STI to be externally published (including through electronic media), enter thh Conf on R a dar M et
’ . o

appropriate information on the intended publication such as name, placs, and date of conference, periodical, or journal
name, or book title and publisher in the next box. Thesa documents must be routed to the NASA Headquarters or
AMS, Montreal, Canada 7/99

Center Export Control Administrator for approval (see Sections Il and Vili).

il. SECURITY CLASSIFICATION
CHECK ONE (One of the five boxes denoting Security Classification must be checked.)

[0 secrer (J secreTrD [C] conFiDENTIAL [] CONFIDENTIAL RD UNCLASSIFIED
lll. AVAILABILITY CATEGORY
D ITAR [:I EAR Export Controlled Document - USML Category /CCL Export Control
Classification Number (ECCN) (Documents marked in this block must have the

concurrence/approval of the NASA Headquarters or Center Export Control Administrator (see Section VIii).)

Confidential Commercial Document (check appropriate box at left and indicate below the appropriate limitation and

expiration):
D TRADE SECRET Eﬂ U.S. Government agencies and U.S. Government agency contractors only
D SBIR I:] NASA contractors and U.S. Government only
D COPYRIGHTED D U.S. Government agencies only

[:] NASA personnel and NASA contractors only
[:I NASA personnel only

D Available only with the approval of issuing office:
[] uimited until (date)

ZI PUBLICLY Publicly available documents must be unclassified, may not be export controlled, may not contain trade secret or
AVAILABLE confidential commercial data, and should have cleared any applicable patents application process.

IV. DOCUMENT DISCLOSING AN INVENTION
THIS DOCUMENT MAY BE RELEASED ON NASA HQ OR CENTER PATENT OR INTELLECTUAL PROPERTY COUNSEL SIGNATURE DATE
(date)

V. BLANKET RELEASE (OPTIONAL) i

D All documents issued under the following contract/grant/project number
may be processed as checked in Sections Il and lll.

E] The blanket release authorization granted on (date)
[:I is RESCINDED - Future documents must have individual availability authorizations.

D is MODIFIED - Limitations for all documents processed in the STI system under the blanket release should be changed to conform to
blocks as checked in Sections Il and lIl.

NASA FORM 1676 AUG 97 PLEASE CONTINUE ON REVERSE SIDE.




- Vi. AUTHOR/ORIGINATOR VERIFICATION

| HAVE'DETERMINED THAT THIS PUBLICATION:

O

the appropriate limitation is checked in Sections lil and/or IV.

applied, and may be released as indicated above.

DOES contain export controlled, confidential commercial information, and/or discloses an invention for which a patent has been applied, and

does NOT contain export controlied, confidential commercial information, nor does it disclose an invention for which a patent has been

NAME OF AUTHOR/ORIGINATOR
Ln Tian

MAIL CODE
912

SIGNATURE
;ﬁm S

DATE

s/11134

VIl. PROJECT OFFICER/TECHNICAL MONITOR/DIVISION CHIEF REVIEW

g APPROVED FOR DISTRIBUTION AS MARKED ON REVERSE

/ /E] NOT APPROVED

NAME OF PROJECT OFFIQER OR TECH. NITOR
Franco Einaudi /

MAIL CODE
910

SIGNATURE

N /

Viil. EXPORT CONTRO

(= [/

ICONFIRMATION

Public release is approved

Export controlled limitation is approved

Export comro(ed limitation is not applicable
D:’ Export controlled fimitation (ITAR/EARRNnarked in Sec)ion Ms afigﬁéd to this document: 7

USML CATEGORY NUM?F CCL ECCN NL,‘V?{E
)
M A

HQ OR CENTER EXPORT CONJROL ADMINJSTH. (as applicable)
J. R. Hedgpeth/234 ;(

DATZ%?

L
/

Y 1X. PROGRAM OFFICE OR DELEGATED AUTH@RITY REVIEW
MPRU\/ED FOR DISTRIBUTION AS MARKED ON REVERSE t[] OT APPROVED
X
NAME OF PREZGRAM OFFICE REPRESENTATIVE MAIL CODE SIGNATURE \ DAJE
. : —> V[
omonson 900 , yké/f\) G?W
X. DISPOSITION I /] /1 4 N

THISFORM, WHEN COMPLETED, IS TO BE SENT TO YOUR CENTER PUBLICATIONS GFFIE_/

INSTRUCTIONS FOR COMPLETING THE NASA SCIENTIFIC AND TECHNICAL DOCUMENT AVAILABILITY AUTHORIZATION (DAA) FORM

Purpose. This DAA form is used to prescribe the availability and distribution of afl
NASA-generated and NASA-funded documents containing scientific and technical
information (including those distributed via electronic media such as the World Wide
Web and CD-ROM).

Requirements. The author/originator must provide either a suitable summary
description (title, abstract, etc.) or a completed copy of the document with this form.
This form is initiated by the document author/originator and that individual is
responsible for recommending/determining the availability/distribution of the
document. The author/originator completes Sections | through IIl, and VI. The
author/originator is also responsible for obtaining information and signature in Section
IV to the extent the document discloses an invention for which patent protection has
been applied. Subsequent to completion of these sections, the author/originator
forwards the document to the appropriate Project Manager/Technical Monitor/Division
Chief for further review and approval in Section VI, including a re-review of the
Planned availability and distribution. Oncs this aréaroval is obtained, the DAA is
orwarded to the NASA Headquarters or Center Export Administrator for completion
of Section VIIL. it is then forwarded for completion of Section IX to the cognizant
NASA Headquarters Program Office or Delegated Authority, who provides final
review and approval for release of the document as marked.

When to Use This Form. Documents containing STl and intended for presentation
or publication (including via electronic media) must be approved in accordance with
the NASA STI Procedures and Guidelines (NPG 2200.2). Documents that are to be
published in the NASA ST! Report Series must be coordinated with the appropriate
NASA Headquarters or Center Scientific and Technical information Office in
accordance with NPG 2200.2. Note that information on the Report Documentation
Page (if attached) is not to be entered on the DAA except for title, document date,
and contract number.

Holw to Use this Form. Specific guidelines for each section of this form are detailed
below.

I. Document/Project Identification. Provide the information requested. If the
document is classified, provide instead the security classification of the title and
abstract. (Classified information must not be entered on this form). Include RTOP
numbers on the Contract/Grant/Interagency/Project Number(s} line. Provide
information on presentations or externally published documents as applicable.

1. Security Classification. Enter the applicable security classification for the
document. Documents, if classified, will be available only to appropriately cleared
personnel having a "need to know.”

1ll. Avallability Category for Unclassified Documents. Check the appropriate
category or categories.

Export Controiled Document. If the document is subject to export restrictions (see
NPG 2200.2, paragraph 4.5.3), the appropriate restriction must be checked, either
International Traffic in Arms Regulations (ITAR) or Export Administration Regulations
(EAR), and the appropriate United States Munitions List (USML) category or
Corgmerce Control List (CCL), Export Control Classification Number (ECCN) must be
cited.

Confidential Commercial Documents (Documents containing Trade Secrets,
SBIR documents, and/or Copyrighted information). Check the applicable box (see
NPG 2200.2 paragraph 4.5.7). When any of these boxes are checked, also indicate
the appropriate limitation and expiration in the list to the right of these restrictions.
These limitations refer to the user 3rou s authorized to obtain the document. The
limitations apﬁly both to the initial distribution of the documents and the handling of
requests for the documents. The limitations will appear on and apply to reproduced
copies of the document. Documents limited to NASA personnel should not be made
available to onsite contractors. If the Available Only With the Approval of Issuing
Office limitation is checked, the NASA Center for AeroSpace Information will provide
only bibliographic processing and no initial distribution; CAS! will refer all document
requests to the issuing office.

Publicly Avallable Document - Unrestricted Distribution. Check this box if the
information in the document may be made available to the general public without
restrictions (unrestricted domestic and international distribution). If the document is
copyrighted {see paragraph 4.5.7.3 in NPG 2200.2), also check the "Copyrighted”
box in this section.

V. Document Disclosing an Invention. This must be completed when the
document contains information that discloses an invention (see NPG 2200.2,
paragraph 4.5.9). When this box is checked, an additional appropriate availability
category must be checked. Use of this category must be approved by NASA
Headquarters or Center Patent Counsel or the Intellectual Property Counsel.

V. Blanket Release (Optional). Complete this optional section whenever subsequent
documents produced under the contract, grant, or project are to be given the same
distribution and/or availability as described in Sections Il and I1l. More than one
contract number or RTOP Number can be entered. This section may also be used to
rescind or modify an earlier Blanket Release. All blanket releases must be approved
by the Program Office or its designee and concurred with by the Office of

anagement Systems and Facilities.

VI. Author/Qriginator Verification. Required for all DAA forms.

Vil. Project Officer/Technical Monitor/Division Chief Review. The Project
Officer/Technical Monitor/Author ar Originator Division Chief or above must sign and
date the form. The office code and typed name should be entered.

Vill. . This section is to be completed by the

Export Control Review/Confirmation
authorized NASA Headquarters or Center Export Control Administrator for all
documents.

IX. ELogmnjmlg_e_gLD_e_lgﬂmgd_Amhg_d_w_Bm This section is to be completed
by the duly authorized official representing the NASA Headquarters Program Office.
Angodekagation from NASA Headquarters to a NASA Center in accordance with NPG
2200.2 should be entered here.

X. Disposition. For NASA Center use.

NASA FORM 1676 AUG 97




